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Abstract-Leukotriene B4 (LTB,), a naturally occurring pro-inflammatory product of arachidonic acid 
metabolism, has been associated with human inflammatory disease. This study compares the abilities 
of two LTB4 receptor antagonists, 2-[2-propyl-3-[3-[2-ethyl-4-(4-fluorophenyl)-5-hydrox~henoxy]- 
propoxy]phenoxy]benzoic acid (LY293111) and 7-[3-(4-acetyl-3-methoxy-2-propylphenoxy)-propoxy]- 
3,4-dihydro-8-propyl-2H-l-benzopyran-2-carboxylic acid (SC-41930), to displace LTB, binding and their 
functional blockade of human neutrophil activation. LY293111 inhibited the binding of [3H]LTB, with 
a Ki of 25 nM; SC-41930 displayed a similar potency (KI = 17 nM). In contrast, LY293111 prevented 
LTB,-induced calcium mobilization with an lcso = 20 nM, or 40 times more effectively than SC-41930 
(tcW = 808 nM). LY293111 was 300 times more potent than SC-41930 in blocking LTB,-induced CDllb 
up-regulation on isolated neutrophils. LY293111 also arrested LTB4-induced up-regulation of CDllb 
on neutrophils in whole human blood. LY293111 was not effective in blocking human neutrophil 
activation responses induced by N-formyl-methionyl-leucyl-phenylalanine (fMLP), platelet-activating 
factor (PAF), human recombinant endothelial interleukin-8 (IL-g) or human recombinant complement 
component 5a (C5a). 
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LTB4t is a pro-inflammatory eicosanoid mediator 
derived from 5-lipoxygenase-dependent metabolism 
of arachidonic acid. Elevated levels of LTB4 or 
selective pharmacologic blockade of its activity has 
been reported in a variety of human inflammatory 
diseases and animal models of such. These include: 
psoriasis [l], gout [2,3], colitis [4,5], allograft 
rejection [6], periodontal disease [7], endotoxin 
shock [8,9] and cystic fibrosis [lo-121. Human 
neutrophils exhibit specific membrane receptors for 
LTB4 [13-151 which, when triggered, affect an array 
of in vitro activation events including chemotaxis, 
aggregation, superoxide generation, adhesion, 
mobilization of [Ca2+]i and up-regulation of cell 
surface a integrin molecules [16-181. Several LTB4 
receptor antagonists that either block [3H]LTB4 
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t Abbreviations: LTB,. leukotriene B,: fMLP. N-formvl- 
methionyl-leucyl-phenylianine; C5a, human rdcombi&t 
complement component 5a; PAF, platelet-activating factor; 
IL-8, human recombinant endothelial interleukin-8; 
[Caz+li, intracellular divalent calcium; LY293111, 2-[2- 
propyl- 3 - [3 - [2 - ethyl - 4 - (4 - fluorophenyl) - 5 - hydroxy- 
phenoxylpropoxyllphenoxylbenzoic acid; SC-41930, 7- 
[3-(4-acetyl-3-methoxy-2-propylphenoxy)-propoxy]-3,4- 
dihydro-S-propyl-2H- l- benzopyran-2-carboxylic acid; 
HBSS-BSA, Hanks’ balanced salt solution containing 0.1% 
(w/v) bovine serum albumin; and MFI, mean fluorescence 
intensity. 

binding and/or inhibit subsequent functional events 
have been identified [16,18-281. 

In this report, we describe the effects of LY293111, 
a novel diary1 ether carboxylic acid, on displacement 
of t3H]LTB4 binding, mobilization of [Ca2+]i, and 
up-regulation of cell surface CDllb integrin 
molecules on human neutrophils, either isolated or 
in whole blood. We compare these results with those 
obtained using a first generation LTB4 receptor 
antagonist, SC-41930. The following data will 
describe LY293111 as a potent and selective blocker 
of LTB4-triggered human neutrophil activation. 

MATERIALS AND METHODS 

Materials. Low endotoxin, phenol red-free HBSS 
was purchased from Whittaker Bioproducts, Walk- 
ersville, MD. Fatty acid free, low endotoxin BSA 
ifrrtion V) was obtained from ICN Biomedicals, 

., Costa Mesa, CA. Mono-Poly Resolving 
Medium was acquired from ICN Biomedicals, Inc., 
Aurora, OH. Indo-1, acetoxymethyl ester was 
acquired from Molecular Probes, Inc., Eugene, OR. 
Anti-human CDllb-fluorescein conjugate (Mo-l- 
FITC) was obtained from the Coulter Corp., 
Hialeah, FL. IL-8 was purchased from Biosource 
International, Inc., Westlake Village, CA. PAF, 
fMLP and CSa were all purchased from the Sigma 
Chemical Co., St. Louis, MO. Paraformaldehyde, 
EM grade, was obtained from Polysciences, Inc., 
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Fig. 1. Structural formulas of the two leukotriene B4 
receptor antagonists used in this study: (A) SC-41930 7- 
[3-(4-acetyl-3-methoxy-2-propylphenoxy)-propoxy]-3,4- 
dihydro-8-propyl-2H-1-benzopyran-2-carboxylic acid, 
and (B) LY293111 2-[2-propyl-3-[3-[2-ethyl-4-(4- 
fluorophenyl) - 5 - hydroxyphenoxy]propoxy]phenoxy]- 

benzoic acid. 

Warrington, PA. FACS@ Lysing Solution was 
purchased from Becton Dickinson Immunocytometry 
Systems, San Jose, CA. LTBl was obtained by total 
synthesis and purified as previously reported [29,30] 
at the Lilly Research Laboratories. [3H]LTB4 (150- 
220Ci/mmol) was purchased from NEN Research 
Products, Wilmington, DE. Deep well polypropylene 
96-well micro-assay plates were purchased from 
Beckman Instruments, Fullerton, CA. Sodium salts 
of compounds LY293111 and SC-41930 were 
synthesized at Lilly Research Laboratories (Fig. 1). 
All compounds, reagents and cells were dissolved, 
washed or suspended for assay in HBSS-BSA. 

Neutrophil preparation. Human blood was col- 
lected from healthy volunteers by venipuncture using 

EDTA (1.5 mg/mL, final concentration) as an 
anticoagulant. Polymorphonuclear leukocytes (neu- 
trophils) were isolated by discontinuous gradient 
separation over Mono-Poly Resolving Medium 
[31,32]. The resulting cell pellet was cleared of 
erythrocytes by hypotonic lysis. The neutrophil 
preparation (> 92% purity and > 98% viability) was 
washed twice and suspended in HBSS-BSA. For 
each experiment, neutrophils were isolated from a 
sin 

8 
le donor. 

[ H]LTB4 displacement. A micro-assay modi- 
fication of a published technique [16,33] was utilized 
to test the ability of the experimental compounds to 
displace [3H]LTB4 binding to human neutrophils. 
Added to deep well micro-assay plates were 55 PL 
of diluted compound and 25OpL of [3H]LTB4 
(0.35 nM, final concentration), and binding was 
initiated upon the addition of 250 PL of isolated 
human neutrophils (6 x lo6 cells/ml stock). The 
plates were incubated for 20 min at 4’. The resultant 
mixtures were harvested on a Skatron (Wallac, Inc., 
Gaithersburg, MD) multiwell harvester on 1.5 w 
glass fiber filter pads (Wallac). Radioactivity for 
each experimental sample was determined using a 
Wallac Betaplate@ beta ray scintillation counter. 
The Ki for each compound was extrapolated from 
the observed data using an appropriate algorithm 
[34,35]. 

Calcium mobilization. Use of flow cytometry for 
measuring [Ca2’]i mobilization has been described 
previously [18,36,37]. Briefly, neutrophils (5 x 107) 
were suspended in 5 mL of Indo-l (lo,&) and 
allowed to rock at 37” for 45 min. Cells were washed 
twice and suspended at 1 X l@/mL in HBSS-BSA. 
To 0.98 mL of cell suspension, 10 ,uL of putative 
antagonist was added, mixed and allowed to 
equilibrate for 3 min at room temperature. The 
sample was then introduced into an Epics V flow 
cytometer (Coulter Corp.), which was used with its 
laser tuned to emit UV light (350-380nm). The 
emitted cell-associated fluorescence was captured 
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Fig. 2. Displacement of t3H]LTB4 binding to human neutrophils by LTBI, SC-41930 and LY293111. 
Isolated human neutrophils, experimental compounds and - 75,000 dpm of [3H]LTB, (0.35 &I, final 
concentration) were reacted together for 20 min at 4”. The samples were then harvested and analyzed 
for bound [3H]. Data represent the mean ? SEM percentage of maximum [3H] bound (ordinate) for 

each compound concentration (e.g. lE-11 = 1 X lo-" molar) over three separate experiments. 
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through a special “Indo-l filter set” (Omega 
Optical, Inc., Brattleboro, VT). For each sample, 
the ratio of 405 : 485 nm light emission was derived 
through processing of analog circuitry and captured 
in light scatter-gated two parameter histograms of 
time versus fluorescence ratio (indicating relative 
[Ca”]i). All samples were run at room temperature 
and at a maximum rate. Data were collected for 
each antagonist preincubated sample for at least 
12 set before interruption for the addition of 10 PL 
of agonist. Total analysis time per sample was 
approximately 6 min. Two-parameter histograms for 
each treatment condition were analyzed for maximum 
percentage of responding cells using the “CaFlux” 
software (Peanut Jelly Software, Denver, CO). The 
inhibitory activity for each experimental condition 
was computed as follows: 

% Inhibition of [Ca’+]i release 

washed and stored lixed (in 1% paraformaldehyde) 
at 4” and flow cytometrically analyzed as described 
above for isolated neutrophils. 

RESULTS 

[3H]LTBI displacement. The ability of SC41930 
and LY293111 to competitively inhibit the binding 
of [3H]LTB4 to isolated human neutrophils is 
depicted in Fig. 2. The ICKY values (? SEM) for 
LY293111 and SC-41930 were 42.5 t 5.9 and 
28.1 -C 7.4nM, respectively. From these data, and 
with the incorporation of an empirically determined 
dissociation constant (Z&) for LTB4 of 0.45 nM, Ki 
values were determined for LY293111 and SC-41930: 

(% Cells releasing [Ca*+]i with antagonist) - (Background % cells releasing [Ca”]i) 

(Maximum % cells releasing [Ca2’]i) - (Background % cells releasing [Ca2+li) 11 

Isolated neutrophil CDllb up-regulation. Up- 
regulation of CDllb on activated human neutrophils 
has been utilized before to study the effects of LTB4 
receptor antagonists [18]. Briefly, for each reaction 
mixture, 0.9 mL of HBSS-BSA containing 1 x lo6 
isolated human neutrophils was preincubated with 
1OpL of putative antagonist for 15 min at room 
temperature. To these suspensions, 100 PL of agonist 
was added, mixed and allowed to incubate in a 37” 
water bath for 30 min. The samples were then cooled 
to 4”, washed, and incubated with lOO& of anti- 
CDllb-FITC (50pg/mL stock) for 30min at 4”. 
Cells were then washed in HBSS-BSA and fixed 
with paraformaldehyde (1% in phosphate-buffered 
saline) before flow cytometric analysis. Fixed samples 
were gate-analyzed for green fluorescence associated 
with the forward versus the 90” neutrophil light 
scatter region, using an Epics XL flow cytometer 
(Coulter Corp.), as previously described [18]. The 
MFI for each sample was computed using the on 
board software package of the cytometer. The 
inhibitory activity for each experimental condition 
was computed as follows: 

% Inhibition of CDllb up-regulation 

25.3 ? 3.5 and 16.5 * 4.2 nM, respectively (Table 
1). Thus, LY293111 and SC-41930 displayed a nearly 
equivalent ability to block the binding of [3H]LTB, 
to isolated human neutrophils. 

Inhibition of calcium mobilization. Comparison of 
LY293111 and SC-41930 abilities to block LTBl 
induced release of ]Ca*+]i in isolated human 
neutrophils is depicted in Fig. 3. These data represent 
an inhibition of the fraction of cells releasing 
[Ca2+]i rather than the absolute amount of Ca*+ 
released per cell or in total. This approach obviates 
the requirement for a strict spectrophotometric 
[Ca*+]i calibration and has been shown previously 
to be useful for such determinations [18]. From these 
data, SC-41930 affected a mean lcso of 808 nM, while 
that of LY293111 was 20.7nM (Table l), or 
approximately 40 times more potent. 

Inhibition of CDllb up-regulation on isolated 
human neutrophils. Preincubation of isolated human 
neutrophils with SC-41930 and LY293111 elicited a 
concentration-dependent inhibition of LTBrinduced 
CDllb up-regulation, as depicted in Fig. 4. SC-41930 
blocked this effect with an q. of 1.45 ,uM, while 

(MFI of cells treated with antagonist) - (MFI of cells without agonist) 

aximum MFI of cells with agonist) - (MFI of cells without agonist) 11 
Whole blood CDllb up-regulation. Ninety micro- 

liters of whole, EDTA treated blood was dispensed 
carefully into 12 x 75 mm polypropylene tubes. 
Directly into this sample, 10 &of putative antagonist 
was pipetted, vortexed and incubated for 15 min at 
room temperature. Cell activation was initiated with 
the addition of 1OpL of agonist. The resulting 
mixtures were incubated for an additional 30 min at 
37”. The samples were cooled to 4”, and concentrated 
anti-CDllb-FITC (1OpL of a SOOcrg/mL solution) 
was added, mixed and incubated with the blood 
mixtures for 30 min at 4’. Red blood cells were then 
lysed using FACS@ Lysing Solution, per the 
manufacturer’s instructions. The samples were then 

LY293111 was 370 times more potent at 3.94nM 
(Table 1). 

Inhibition of CDllb up-regulation on neutrophils 
in whole blood. Incubation of whole, human blood 
with LTB4 induced a concentration-dependent up- 
regulation of CDllb on neutrophil surfaces, as 
displayed in Fig. 5. In this whole blood system, a 
plateau of CDllb up-regulation commenced at 
10 nM LTBI, or approximately 10 times that required 
for CDllb up-regulation of isolated neutrophils {18]. 
When whole, human blood was preincubated 
with either SC-41930 or LY293111, followed by 
stimulation with 10nM LTB.,, a concentration- 
dependent inhibition of CDllb up-regulation on 
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Table 1. Effects of LY293111 and SC-41930 on [3H]LTB4 displacement and 
LTB4-induced activation of human neutrophils 

Human neutrophil LY293111* SC-419307 
assay (nM) (nM) 

[3H]LTB4 displacement 
[Ca2+li mobilization 
CDllb up-regulation (isolated cells) 
CDllb up-regulation (whole blood) 

25.3$ 16.5$ 
20.75 808.00 

3.9s 1450.09 
362.01 30100.05 

* (2 - [2 - Propyl - 3 - [3 - [2 - ethyl - 4 - (4 - fluorophenyl) - 5 - hydroxyphenoxyl- 
propoxyl-phenoxylbenzoic acid) sodium. 

t (7-[3-(4-Acetyl-3-methoxy-2-propylphenoxy)-propoxy]-3,4-dihydro-8- 
propyl-2H-1-benzopyran-2-carboxylic acid) sodium. 

$ K, (affinity constant). 
8 lcsO (inhibitory concentration, 50%). 

human neutrophils was produced, as displayed in 
Fig. 6. From these data, SC-41930 was computed to 
have an ICKY of 30.1 ? 0.09 ,uM, while LY293111 was 
approximately 80 times more potent with an 1c50 of 
0.362 * 0.09 PM (Table 1). 

Selectivity of LY293111 on L TB4-mediated 
responses. The selectivity of the effects of LY293111 
on human neutrophils was tested in other experi- 
ments. In data summarized in Fig. 7, isolated human 
neutrophils were preincubated with increasing 
concentrations of LY293111 followed by fMLP 
(10nM) challenge. In this system, LY293111 
exhibited an ICKY of 38 + 2.6 PM or - lO,OOO-fold 
less active than when using LTB4 as an agonist. In 
addition, as depicted in the representative results 
depicted in Fig. 8, LY293111 was ineffective in 
blocking C5a-, PAF- or IL-8-induced [Ca2+]i 
mobilization of isolated, human neutrophils at 
concentrations up to 10 PM (- 500 times the LTBd- 
induced [Ca*+]i mobilization ICSO). 

DISCUSSION 

In this investigation, we compared the effects of 
two LTB4 receptor antagonists, SC-41930 and 
LY293111, on human neutrophils in vitro. We 
measured the ability of each compound to block the 
binding of [3H]LTB4 and their ability to prevent 
LTB4-induced CDllb up-regulation and [Ca*+]i 
mobilization in isolated human neutrophils. We also 
described LTB,stimulated CDllb up-regulation on 
human neutrophils in whole human blood and the 
ability of LY293111 and SC-41930 to block this 
phenomenon. Finally, we describe the selectivity of 
LY293111 toward blocking LTB4-induced activation. 

The data (Table 1) reveal that the novel LTB4 
receptor antagonist LY293111 was not substantially 
different from SC-41930 in its ability to block the 
binding of [3H]LTB4. In marked contrast, LY293111 
was substantially more potent than SC-41930 
in blocking functional activation of neutrophils 

Fig. 3. Inhibition of LTB,-induced [Caz+li mobilization in human neutrophils by LY293111 and 
SC-41930. Isolated human neutrophils were loaded with Indo-l calcium detection dye, preincubated 
for 3 min with various concentrations of either LY293111 or SC-41930 and flow cytometrically analyzed 
over time for [Ca2+li. After steady-state measurements, LTB4 was added and the percentage of cells 
releasing [Ca2+li was determined. The percent inhibition from control is plotted for each compound/ 
concentration treatment. Data points represent the mean activity from 3 experiments with variation 

(SEM) of less than 10%. 
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Fig. 4. Effects of LY293111 and SC-41930 on LTB.,-induced up-regulation of CDllb integrin expression 
on isolated human neutrophils. Isolated human neutrophils were preincubated with LY293111 or 
SC-41930 for 15 min at room temperature followed by incubation with LTB4 (1 nM) for 30 min at 37”. 
Cells were cooled, washed and reacted with anti-CDllb-FITC. The cells were then fixed and analyzed 
for specific CDllb integrin expression using flow cytometry. The inhibition from control is plotted for 
each compound/concentration treatment. Data points represent the mean activity from 3 experiments 

with variation (SEM) of less than 10%. 

subsequently stimulated with LTB4. LY293111 was 
40 times more effective than SC-41930 in blocking 
LTB1-induced [Ca’+]i mobilization and likewise 
more potent than SC-41930 in blocking LTB4- 
induced CDllb up-regulation on isolated and whole 
blood neutrophils (400 and 80 times, respectively). 
Also, our data strongly indicate that this blockade 
of neutrophil activation by LY293111 is not due to 
a generalized physiologic toxicity in these cells. First, 
no changes in cell viability were noted in any 
experiment where LY293111 was used (data not 
shown). Furthermore, LY293111 did not block 
neutrophil [Ca’+]i mobilization stimulated by IL-8, 
PAF or C5a at 500 times its LTB,-induced lcso and 

required - 10,000 times its LTB4-associated ICKY to 
block fMLP-induced CDllb up-regulation (Figs. 7 
and 8). 

The basis of the enhanced functional potentcy of 
LY293111 is not understood. Explanations for this 
phenomenon can be hypothesized. For example, it 
is possible that LY293111 has a distinctive binding 
relationship to the high-affinity state of the LTB4 
receptor. Such LTB4 receptor states have been 
described by others [ 13,14,27,38-401. Indeed, both 
[Ca*+]i mobilization and CDllb-dependent adhesion 
of neutrophil events are associated with high-affinity 
states of the LTB, receptor [38]. The superior 
potency of LY293111 over SC-41930 in inhibiting 

lE-10 1 E-9 1 E-8 

L Tf34 Concentration (M) 
Fig. 5. Up-regulation of CDllb on human neutrophils residing in whole human blood. Blood from 
healthy volunteers was drawn in EDTA anti-coagulant, mixed with increasing concentrations of LTB,,, 
and incubated for 30 min at 37”. Cells were cooled to 4” and reacted for 30 min with anti-CDllb-FITC. 
The samples were then RBC-lysed, fixed and analyzed for CDllb expression using flow cytometry, 

Each data point represents the mean * SEM of 3 volunteers. 
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Fig. 6. Effects of LY293111 and SC-41930 on LTBrinduced up-regulation of CDllb integrin expression 
of human neutrophils residing in whole blood. Whole blood, drawn in EDTA, was preincubated with 
LY293111 and SC-41930 for 15 min at room temperature followed by incubation with LTBl (10 nM) 
for an additional 30min at 37”. Cells were washed, cooled and reacted with anti-CDllb-FITC for 
30min at 4’. These samples were then BBC-lysed, fixed and analyzed for specific CDllb integrin 
expression using flow cytometry. Each data point represents the mean (* SEM) response of 4 volunteers. 

these two functions without an increased ability to 
block total [3H]LTB, binding may be due to some 
distinctive relationship that LY293111 has for the 
high-affinity LTB4 receptor state. 

In this report, we also describe measurement of 
LTB4-induced CDllb up-regulation on human 
neutrophils in whole blood. This up-regulation was 
concentration dependent and highly reproducible 

(Fig. 5). We were also able to detect and quantitate 
the ability of LY293111 to block this phenomenon 
(Fig. 6). Although its potency was somewhat 
attenuated (Table l), the ability of LY293111 to 
block LTBd-induced activation while present in the 
blood milieu is an important tool for the clinical 
development of LY293111 as an anti-inflammatory 
agent. Blood from volunteers receiving doses of 

(2’3 ’ ’ - ’ . I I 

1E-6 IE-5 1 
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Fig. 7. Effect of LY293111 on CDllb integrin expression stimnlated by fhfLP. Isolated human 
neutrophils were preincubated with LY293111 for 15 min at room temperature followed by incubation 
with fMLP(lOnh4) for 30 min at 37”. Cells were coaled, washed awl reacted with anti-CDllb-FITC. 
The cells were then fixed and analyzed for specitk CDZlb integrin cxpremka using tbn cytometry. 
The percent inhibition of maximum CDllb upregulptioo is plotted for each LY293191 concentration, 

Data points represent the mean (2 SEM) from 3 separate experiments. 
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Fig. 8 Selectivity of LY293111 on inhibiting [Ca2’li mobilizationof humannautq$&. II&a&d human 
neutrophils were loaded with Indo~I aaIcium detection dye, preincubated for 3.m w%th WUIOUS 
concentrations of LY293111, and flow cytometrically analyzed over time foa @‘Ii. A&er steady-state 
measurements, either LTB4, IL-8 PAP ar C5a was added.in optimalconcenmaticms, andthe percentage 

of cells releasing [Ca2+li was &e&ned. Data are taken from a, mpresem&vt experiment. 
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I ‘m4 
IL-8 

LY293111 can be challenged ex uivo with LTB4 
and CDllb up-regulation meas~sed. Hence, the 
pharmacologic efficacy and pharmacodynamic profile 
of LY293111 can be determined imkpendently from 
its therapeutic effects on infkmmatory disease in 
humans. 

REFRRENCES 

1. Brain S, Camp R, Dowd P, Black AK and Greaves 
M, The release of leukotriene Belike material in 
biologically active amounts from the lesional skin of 
patients with psoriasis. J Invest Dermatol 83: 70-73, 
1984. 

2. Ford-Hutchinson AW, Leukotriene involvement in 
pathologic processes. J Allergy Clin Immunol7k %37- 
440, 198%. 

3. Rae SA, Davidson EM and Smith MJH, Leukotriene 
Bq, an inflammatory mediator in gout. Lancst 2z El22- 
1124,1982. 

4. Izzo RS, Witkon K, Chen AI, Hadjiyane C, Weinstein 
MI and Pellecchia C, Interleukin-8 and neutrophil 
markers in colonic mucosa from patientawit#r ulcerative 
co&is. Am / Gastroenterol87: 1447-142, B92. 

5. Scbunwt R, Towner J and zipper RD, Role of 
eicosanoids in human and experimentaI e&is. Dig Dis 
Sci 3& 58&-64S, 1988. 

6. Spuswy RF, Ibrahim S, Butter@ D, Klotman PE, 
Sanfihppo F and Coffman TM, Leukotrienes in renal 
transplantrejectioninrahs.Dist&roIesforleukotriene 
Bq and peptidoleukoarienes in the pathogenesis of 
allograft injury. Z Znwnruad t% $67-876, 1994. 

7. Smith MA, BrasweII ID, C&ins JG, Boyd DL, 

1689 

100 

Jeffcoat MK, Reddy M, Li KL, Wilensky S, Vogel R 
and AKauo, l!& mea in infhonmatory mediators in 
q&men&I permdontitis in the rhesus monkey. Znfect 

klw%U: M&3?-1459, 1993. 
8. Wok? PS, lweneoni MJ, O’Sullivan BP, Wang H, 

Larkin W and Fii MP, LY255283, a novel leukotriene 
B4 reeqtur antagonist, limits activation of neutrophiis 
and prevents acute lung iniurv induced by endotoxin 
in pigs. Surgery 114: 19i-198,_1993. . 

9. Fmk MI’. O’Sullivan BP. Menconi MJ. Wollert PS. 

10. 

11. 

12. 

13. 

14. 

Wang II; Youssef ME ‘and Fleisch JH, A novel 
leukotriene B,-receptor antagonist in endotoxin shock: 
A prospective, controlled trial in a porcine model. Crit 
Care Med 21: 1825-1837, 1993. 
Lawrence R and Sorrel1 T, Eicosapentaewic acid in 
cystic fibrosis: Evidence of a pathogenetic role for 
leukotriene Bq. Lancet 342: 465-469, 1993. 
Konstan MW, Walenga RW, Hilliard KA and HiIliard 
JB, Leukotriene B4 markedly elevated in the epithelial 
lining fluid of patients with cystic fibrosis. Am Rev 
Respir Dir 148: 896-901, 1993. 
Greally P, Hussein MJ, Cook AJ, Sampson AP, Piper 
PJ and Price JF, Snutum tumour necrosis factor-m and 
leukotriene concentrations in cystic fibrosis. Arch Dis 
Child 68: 389-392, 1993. 
Goetzl EJ, Sherman JW, Ratnoff WD, Harvey JP, 
Eriksson E, Seaman WE, Baud E and Koo CH, 
Receptor-specific mechanisms for the responses of 
human leukocytes to leukotrienes. Ann NY Acad Sci 
524: 345-355, 1988. 
Goldman DW and Go&l EJ, Heterogeneity of human 
polymorphonuclear leukocyte receptors for Ieukotriene 
Bq. Indentification of a subset of high affinity receptors 
that transduce the chemotactic response. Z Exp Med 
159: 1027-1041. 1984. 



1690 P. MARDER et al. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22 

23 

Beavo JA, Rogers NL, Crofford OB, Hardman JG, 
Sutherland EW and Newman EV, Effects of xanthine 
derivatives on lipolysis and on adenosine 3’,5’- 
monophosphate phosphodiesterase activity. Mol Phar- 
macol6: 597-603, 1970. 
Jackson WT, Boyd RJ, Froelich LL, Mallett BE and 
Gapinski DM, Specific inhibition of leukotriene 
B,-induced neutrophil activation by LY223982. J 
Pharmacol Exp Ther 263: 1009-1014, 1992. 
Schultz RM, Marder P, Spaethe SM, Herron DK and 
Sofia MJ, Effects of two leukotriene B4 (LTB,) receptor 
antagonists (LY255283 and SC-41930) on LTB4- 
induced human neutrophil adhesion and superoxide 
production. Prostaglandins Leukot Essent Fany Acids 
43: 267-271, 1991. 
Marder P, Schultz RM, Spaethe SM, Sofia MJ and 
Herron DK, Flow cytometric evaluation of the effects 
of leukotriene B4 receptor antagonists (LY255283 and 
SC-41930) on calcium mobilization and integrin 
expression of activated human neutrophils. Prosta- 
glandins Leukot Essent Fatty Acids 46: 265-270, 1992. 
Jackson RH, Morrissey MM, Sills MA and Jarvis MF, 
Comparison of antagonist and agonist binding to the 
leukotriene B4 receptor on intact human poly- 
morphonuclear neutrophils (PMN). J Pharmacol Exp 
Ther 262: 80-89, 1992. 
Kishikawa K, Tateishi N, Maruyama T, Seo R, Toda 
M and Miyamoto T, ONO-4057, a novel, orally active 
leukotriene B4 antagonist: Effects on LTB,-induced 
neutrophil functions. Prostaglandins 44: 261-275,1992. 
Sofia MJ, Saussy DL, Jackson WT, Marder P, Silbaugh 
SA, Froelich LL, Cockerham SL and Stengel 
PW, Ortho-alkoxyphenol leukotriene B4 receptor 
antagonists: effect of a chroman carboxylic acid. 
Bioornan Med Chem Lert 2: 1675-1680, 1992. 
ChanGW, Mong S, Hemling ME, Freyer AJ, Offen 
PH. DeBrosse CW. Sarau HM and Westlev JW, New 
leuiotriene B, receptor antagonist: Leucettamine A 
and related imidazole alkaloids from the marine sponge 
Leucetta microraDhis. J Nat Prod 56: 116121. 1993. 
Jackson WT, Bdyd RJ, Froelich LL, Gapinski DM, 
Mallett BE and Sawyer JS, Design, synthesis, 
and pharmacological evaluation of potent xanthone 
dicarboxylic acid leukotriene B4 receptor antagonists. 
J Med Chem 36: 1726-1734, 1993. 

24. Sofia MJ, Floreancig P, Bach NJ, Baker SR, Cockerham 
SL, Fleisch JH, Froelich LL, Jackson WT, Marder P, 
Roman CR, Saussy DL Jr, Spaethe SM, Stengel PW 
and Silbaugh SA, o-Phenylphenols: Potent and orally 
active leukotriene B4 receptor antagonists. J Med Chem 
36: 3978-3981, 1993. 

25. Sawyer JS, Baldwin RF, Sofia MJ, Floreancig P, 
Marder P, Saussy DL Jr, Froelich LL, Silbaugh SA, 
Stengel PW, Cockerham SL and Jackson WT, 
Biphenylyl-substituted xanthones: Highly potent leuko- 
triene B4 receptor antagonists. J Med Chem 36: 3982- 
3984, 1993. 

26. Tsai BS, Keith RH, Villani-Price D, Kachur JF, Yang 
DC, Djuric SW and Yu S, The in uitro pharmacology 

of SC-51146: A potent antagonist of leukotriene B4 
receptors. J Pharmacol Exp Ther 268: 1499-1505,1994. 

27. Tsai BS, Keith RI-I, Villani-Price D, Haack RA and 
Djuric SW, The leukotriene B4 receptor agonist/ 
antagonist activities of SC-45694 in human neutrophils. 
J Pharmacol Exp Ther 268: 1493-1498, 1994. 

28. Sawyer JS, Schmittling EA, Bach NJ, Baker SR, 
Froelich LL, Saussy DL, Marder P and Jackson WT, 
Structural analogues of LY292728, a highly potent 
xanthone dicarboxvlic acid leukotriene B, receptor 
antagonist: Spatial-positioning of the secondary gcid 
eroun. Bioowan Med Chem Len 4: 2077-2082. 1994. 

29. core; EJ, M&fat A, Munroe J, Kim KS, Hobiins PB 
and Brion F, A stereocontrolled and effective synthesis 
of leukotriene Bq. Tetrahedron Lett 22: 1077-1080, 
1981. 

30. Corey EJ, Marfat A, Goto G and Brion F, Leukotriene 
B. T&al synthesis and assignment of stereochemistry. 
J Am Chem Sot 102: 7984-7985, 1980. 

31. Ferrante A and Thong YH, Optimal conditions 
for simultaneous purification of mononuclear and 
polymorphonuclear leucocytes from human blood by 
the Hypaque-Ficoll method. J Immunol Methods 36: 
10%117, 1980. 

32. Needham PL, Re.: Separation of human blood using 
‘mono-poly resolving medium’ [letter]. J lmmunol 
Metho& 99: 283-284, 1987. 

33. Goldman DW and Goetzl EJ, Specific binding of 
leukotriene B4 to receptors on human poly- 
morphonuclear leukocytes. J Immunoll29: 1600-1604, 
1982. 

34. Cheng Y and Prusoff WH, Relationship between the 
inhibition constant (I&) and the concentration of 
inhibitor which causes 50 per cent inhibition (Iso) of an 
enzymatic reaction. Biochem Pharmacol 22: 3099- 
3108, 1973. 

35. McPherson GA, A practical computer-based approach 
to the analysis of radioligand binding experiments. 
Comput Prog Biomed 17: 107-114, 1983. 

36. Lopez M, Olive D and Mannoni P, Analysis of cytosolic 
ionized calcium variation in polymorphonuclear 
leukocytes using flow cytometry and Indo-l AM. 
Cytometry 10: 165-173, 1989. 

37. Owen CS, Quantitation of lymphocyte intracellular 
free calcium signals using indo-1. Cell Calcium 9: 141- 
147, 1988. 

38. Goldman DW, Gifford LA, Marotti T, Koo CH and 
Goetzl EJ, Molecular and cellular properties of human 
polymorphonuclear leukocyte receptors for leukotriene 
Bq. Fedn Proc 46: 200-203, 1987. 

39. Slipetz DM, Scoggan KA, Nicholson DW and Metters 
KM, Photoaffinity labelling and radiation inactivation 
of the leukotriene B4 receptor in human myeloid cells. 
Eur J Pharmacol (Mol Pharmacol Sect) 244: 161-173, 
1993. 

40. Miki I, Watanabe T, Nakamura M, Seyama Y, Ui 
M, Sato F and Shimizu T, Solubilization and 
characterization of leukotriene B4 receptor-GTP 
binding protein complex from porcine spleen. Biochem 
Biophys Res Commun 166: 342-348, 1990. 


